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Objectives: Reliable evidence is the keystone for any noncommunicable disease (NCD) 
 prevention plan to be initiated. In this study we carried out a risk factor investigation based on 
the WHO Stepwise approach to Surveillance (STEPS).
Methods: The study was conducted on 1000 adults between 15 and 64 years of age living in 
Ardabil province, north-west Iran during 2006, based on the WHO STEPS approach to surveil-
lance of risk factors for NCD. At this stage only the first and second steps were carried out. Data 
were collected through standard questionnaires and methods analyzed using STATA version 
8 statistical software package.
Results: 29.0% of men and 2.6% of women were current daily tobacco smokers. The mean 
number of manufactured cigarettes smoked per day was 18.9 among current daily smokers. 
Smoking was most prevalent among men of low-income families and those of lower  education. 
The mean body mass index (BMI) was 26.6 kg/m2, and was significantly correlated with systolic 
blood pressure. 58.9% were overweight or obese; 18.0% had raised blood pressure and 3.7% 
had isolated systolic hypertension. The mean number of servings of fruit consumed per day 
was 1.1; 33.1% had low levels of activity. Combined risk factor analysis showed that 4.1% 
of participants were in the low-risk group (up to 5.1% among men and 3.2% among women). 
Those in the high-risk group comprised 25.6% in the 25- to 44-year age group and 49.7% 
in the 45- to 64-year age group. Mean BMI increased by age in both sexes at least at the first 
three decades of adult life.
Conclusion: Based on observed status of risk for cardiovascular health, burden of cardiovascular 
diseases is expected to increase if an effective prevention strategy is not undertaken.
Keywords: cardiovascular health, noncommunicable diseases, WHO STEPS, smoking, obesity, 
physical activity
Introduction
Life expectancy at birth has increased from a global average of 46 years in 1950 to 
66 years in 1998.1 Along with lifestyle changes and environmental hazards, this life 
expectancy increase has caused an elevated rate of noncommunicable diseases (NCDs) 
globally but with delay in developing countries. “Of 57 million global deaths in 2008, 
36 million, or 63% were due to noncommunicable diseases. In 2008, nearly 80% of 
noncommunicable disease deaths (29 million), ccurred in low- and middle-income 
countries with about 29% of deaths occurring before the age of 60 in these countries”.2 
NCDs are predicted to account for approximately three-quarters of all deaths in the 
developing world by the year 2020.3
Developing countries shared 72% of 33.4 million deaths caused by NCDs during 
the year 2002.4 Nearly 90% of the world’s total disease burden occurs in developing 
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countries, while only 10% of global health expenditure is 
allocated in these countries.5
The NCD condition is the same for many of the WHO 
Eastern Mediterranean Region countries, and consider-
ing the pre-existing heavy load of infectious diseases in 
these  countries, they are tolerating a double burden of both 
 infectious diseases and NCDs.
Iran is known to have a good national health network. 
Since 1984, the primary health care system in Iran has 
become highly organized and efficient, resulting in a 
 dramatic decrease in infant, maternal, and neonatal mortality 
rates, with an increase in population growth and life 
span, and a marked shift towards NCDs. Some success in 
controlling nutritional diseases and injuries has also been 
reported but there is no documentation of national success 
in combating major NCDs.6
Most NCDs have common preventable risk factors 
such as smoking, poor diet, high alcohol consumption, 
 hypertension, sedentary lifestyle, and obesity, and for 
 cardiovascular  diseases (CVD), morbidity and mortality 
increase when these risk factors cluster. Reliable evidence 
is the keystone for any NCD prevention plan to be  initiated. 
In this study we carried out a risk factor investigation based 
on the World Health Organization (WHO) STEPwise 
approach to Surveillance (STEPS).
Methods
This study was carried out in Ardabil in 2006. The study 
population comprised people aged 15 to 64 years old living in 
rural and urban areas of Ardabil province. Ardabil  province is 
located in north-west Iran with a population about 1.2  million. 
The study was conducted based on the WHO STEPS of risk 
factors for NCDs. This approach uses different levels of risk 
factor assessment including collecting information using 
questionnaires (step 1), physical measurements (step 2), and 
taking blood samples for biomedical assessment, (step 3). 
Each step can include core, expanded core, and optional 
items. Further details can be found in Table 1 or the source 
reference.7
At this stage only the first and second steps were carried 
out. This study was conducted by probability proportional 
to size (PPS) multistage stratified cluster sampling through 
which 50 clusters were selected. In PPS sampling, the selec-
tion probability for each element is set to be proportional to 
its size measure. The sampling frame of this study was based 
on the postal code frame of the national post office, which 
is updated yearly. Clusters are selected in this system based 
on postal code. Each address in this system is  summarized 
in a 10-digit postal code number. In urban areas clusters 
comprise one to several blocks or parts of blocks. Blocks 
are usually attached buildings. In rural areas a cluster 
may comprise one to several villages or part of a village. 
After determining the cluster start point, enrollment and 
data  collection started. In each cluster ten females and ten 
males were enrolled. These included two eligible persons 
in each sex and age group. This began from the household 
at the cluster start point and continued toward the other 
households until the required number of participants was 
enrolled. Consecutive households were selected based on 
geographical location of buildings to the right-hand side 
of each building. Data were collected based on interviews, 
physical examinations, and anthropometric measure-
ments carried out by a team of trained nurses and health 
 professionals. Research survey and examination teams vis-
ited households according to previously arranged appoint-
ments. Before the interviews or examinations by the survey 
teams, appointments were made by pioneer teams visiting 
households at least 1 day before and preferably during eve-
nings when most people are at home. Measurements were 
done using calibrated and standard instruments. Height 
was measured with participants standing without shoes 
using a standard metal ruler. Weight was measured also by 
calibrated digital scales while light clothes were worn, in 
consideration of cultural principles. Waist circumference 
was measured at a level midway between the lower rib 
margin and iliac crest to the nearest 0.5 cm. Blood pressure 
(BP) was measured based on WHO  recommendations used 
in the research protocol.
Five age groups were considered for sampling: five 
equally distributed groups between age 15 and 64 years. This 
method of sampling enabled 100 participants to be included 
in each age and sex group, thus enrolling 1000 participants. 
The large sample size, the 99.5% response rate, and the sam-
pling design and framework meant that the sample was repre-
sentative of the study population. Completed  questionnaires 
were evaluated daily, once by district supervisors and again 
at the provincial health center. Questionnaires with any 
problems or deficiencies were sent back to be rechecked 
and completed.
All the data were entered into the computer by one 
 operator at a provincial health center. Data were analyzed 
using Stata statistical software package (v 8; Stata Corp, 
 College Station, TX). Simple bivariate as well as multiple 
regression analysis was used to analyze data. Statistical 
significance was set at 0.05. Priority was given to practical 
benefit and clinical significance in interpreting statistically 
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significant data. Specific definitions in categorizing data 
are provided in the relevant tables. Physical activity was 
measured using questions on four different aspects:  physical 
activity at the workplace, physical activity  during  recreation 
time, physical activity while traveling, and  physical rest-
ing time. To define a combined risk factor index, five 
components were considered: (1) being a current daily 
smoker; (2) ,five servings of fruits and vegetables per day; 
(3) low level of activity (,600 MET–minutes); (4) body 
mass index $ 25 kg/m2); (5) raised BP (SBP $ 140 and/or 
DBP $ 90 mmHg). Participants lacking any of these were 
classified as low risk and those having at least three of the 
above-mentioned risk factors were considered as high risk 
of NCDs. For the definition of abdominal obesity the cut-
off points of 102 cm in men and 88 cm in women were used 
according to the WHO.
The study was approved by the committee of ethics of the 
Iranian Ministry of Health and Medical Education.
Results
Participants had a nearly uniform cultural structure, compris-
ing 98% Turks. Most participants were housekeepers (42.4%), 
29.2% were self-employed, 10.1% were students, and 6% were 
government employees. Of these participants, 68.9% had a 
monthly income ,2 million Rials (US$218), 29.5% had a 
monthly income of 2–7 million Rials (US$218–763), and 
1.6% had a monthly income of $7 million Rials.
A summary of results from step 1 are given in Table 2 
and results from step 2 are given in Table 3.
Combined risk factor analysis showed that 4.1% of par-
ticipants were in the low-risk group (up to 5.1% among men 
and 3.2% among women). Of those in the high-risk group, 
25.6% were in the 25- to 44-year age group and 49.7% in 
the 45- to 64-year age group. Percentages of females were 
higher in both age groups.
Mean body mass index (BMI) increased with age in both 
sexes, at least at the first three decades of adult life (Figure 1). 
Table 1 WHO STePS approach to risk factors for noncommunicable diseases
Measures Step 1 (Self report) Step 2 (Physical examination) Step 3 (Biochemical assessment)
Core Socioeconomic and demographic variables  
including years of education, tobacco  
and alcohol use, physical inactivity,  
intake of fruit and vegetables
Measurement of weight, height,  
waist circumference,  
blood pressure
Measurement of fasting  
blood sugar, total  
cholesterol
Expanded  
core
ethnicity, educational attainment, occupation,  
income, use of smoke less tobacco, fat consumption,  
types of physical activity, history of high blood  
pressure, history of diabetes, treatment  
for diabetes, treatment for high blood pressure
Hip circumference, pulse rate Fasting high-density lipoprotein,  
cholesterol, and triglycerides
Optional Other health-related behaviors, mental health  
status, disability, injury
Objective measurement of physical  
activity, measurement of skin-fold  
thickness
Oral glucose tolerance test,  
urine examination
Table 2 Summary of results from step 1 WHO STePS approach studying risk factors of noncommunicable diseases, Ardabil, 
iran 2006
Results for adults aged 15–64 years (95% CI) Males Females Both sexes
Step 1 Tobacco use
Percentage who currently smoke tobacco daily 29.0% 2.6% 15.7%
For those who smoke tobacco daily
 Average age started smoking (years) 20.5 (19.3–21.8) 23.4 (16.8–30.1) 20.8 (19.5–22.0)
 Percentage smoking manufactured cigarettes 97.2% 99.8% 98.5%
For smokers of manufactured cigarettes
 Mean number of manufactured cigarettes smoked per day 19.8 (19.1–20.6) 9.0 (7.4–10.8) 18.9 (18.2–19.6)
Step 1 Fruit and vegetable consumption (in a typical week)
Mean number of servings of fruit consumed per day 1.0 (0.9–1.1) 1.1 (1.0–1.2) 1.1 (1.0–1.1)
Mean number of servings of vegetables consumed per day 1.1 (1.0–1.2) 1.2 (1.1–1.3) 1.1 (1.0–1.2)
Percentage who ate $5 combined servings of fruit and vegetables per day 4.2 4.1 4.1
Step 1 Physical activity
Percentage with low levels of activity (defined as ,600 MeT-minutes/week) 24.9 41.2 33.1
Median time spent in physical activity per day (hours) 2.9 (1.2–6.9) 1.4 (0.6–3.5) 2.1 (0.9–5.0)
Abbreviation: MeT, metabolic energy.
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BMI was significantly correlated with both SBP (r = 0.33, 
P , 0.01) and DBP (r = 0.28, P , 0.01). Abdominal obe-
sity was observed in 14.8% of men vs 56.9% of women 
(P , 0.001). A comparison of waist circumference among 
age groups and between genders is shown in Figure 2.
The mean age of starting smoking was 20.5 years (95% 
confidence interval [CI]: 19.3–21.8) among men and 23.4 
years (95% CI: 16.8–30.1) among women. Smoking was 
most prevalent among men of low-income families and those 
of lower education.
Figure 3 shows the percentage of participants classified 
into a low level of total physical activity compared with 
different age groups and sexes.
Mean BP, hypertension, and abdominal obesity increased 
with age in both groups (P , 0.01). The change was larger 
among women.
Regression analysis results showed that mean units of 
fruit eaten per day did not differ between sexes or among 
age groups (women ate only 0.12 more units of fruit per 
day than men [P = 0.046]; with each 1-year increase in 
age [regression coefficient: 0.002] units of fruit eaten per 
day decreased by only 0.006), although these differences 
were statistically significant. Mean units of vegetables 
eaten per day did not differ between sexes or among age 
groups (women ate only 0.1 units more vegetables per 
day than men [P = 0.58]; with each 1-year increase in age 
units, fruit and vegetables eaten per day decreased by only 
0.002 [P = 0.19]).
Some eating habits were correlated with mean BP. 
Among women, the correlation between mean BP and 
average days of eating fruit per week was 0.15 (P , 0.05) 
and the correlation between mean BP and average days of 
eating vegetables was 0.1 (P , 0.05). Among men only the 
correlation between mean BP and average days of eating 
vegetables was statistically significant (r = 0.1, P , 0.05). 
Fruit and vegetable eating habits were not associated with 
abdominal obesity. Moderate activity during recreational 
time was negatively associated with abdominal obesity 
(P , 0.001). However, such an association was not 
explored for work time physical activity and abdominal 
obesity.
Figure 4 shows the distribution among different age 
groups of eating fruit or vegetables ,4 days a week.
No sex difference was shown for consumption of fish; 
comparison among age groups showed that fish consumption 
decreased after age 35 years. Solid vegetable oil was used for 
cooking most often by 83.45% of people while only 14.24% 
used liquid oil (not significantly different between sexes or 
among age groups).
Discussion
In the past it was thought that CVD was confined primarily 
to industrialized nations, but now CVD has emerged as a 
major health threat in developing countries. CVD currently 
accounts for 30% of mortality in low- and middle-income 
Table 3 Summary of results from step 2 WHO STePS approach studying risk factors of noncommunicable diseases, Ardabil, 
iran 2006
Results for adults aged 15–64 years (incl. 95% CI) Males Females Both sexes
Step 2 Physical measurements
Mean body mass index (BMi, kg/m2) 25.3 (24.9–25.7) 27.9 (27.4–28.4) 26.6 (26.3–26.9)
Percentage who were overweight or obese (BMi $ 25 kg/m2) 51.2 66.5 58.9
Percentage who are obese (BMi $ 30 kg/m2) 14.7 36 25.6
Average waist circumference (cm) 89.4 (88.2–90.5) 91 (89.6–92.3) 90.2 (89.3–91.1)
Mean systolic blood pressure (SBP, mmHg) 119.3 (117.9–120.7) 117.6 (115.8–119.4) 118.5 (117.3–119.9)
Mean diastolic blood pressure (DBP, mmHg) 72.9 (71.8–74.1) 74.0 (72.8–75.2) 73.5 (72.7–74.3)
Percentage with raised BP (SBP $ 140 and/or DBP $ 90 mmHg) 14.9 21.3 18.0
Percentage with raised BP (SBP $ 160 and/or DBP $ 100 mmHg) 4.5 8.4 6.4
Percentage with isolated systolic hypertension (SBP $ 140  
and DBP , 90 mmHg)
3.0 4.4 3.7
20
22
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Age groups (years)
B
M
I (
kg
/m
2 )
Men
Women
15–24 25–34 35–44 45–54
Figure 1 Mean body mass index (BMi) difference among different age groups.
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countries each year, with significant economic effects. 
 Nevertheless, many governments and global health institu-
tions have largely overlooked CVD.8
Nearly one-third of the men in Ardabil province were 
daily smokers. We found that smoking was most prevalent 
among men of the low-income families and those of lower 
education. This may indicate that, like some other developing 
countries, our population is in the second stage of a smok-
ing epidemic and we may expect even higher mortality and 
morbidity during the coming decades.9,10
Considering the governing role of men at Iranian house-
holds especially in rural areas, this result should also raise 
concerns about the effect of passive smoking on others, 
particularly children. This problem is exacerbated by the fact 
that it occurs mostly among people of lower education and 
income, who live in low-roofed houses and are unaware of 
the risks of passive smoking.
The overall prevalence of current smokers was 15.7%, 
higher than studies conducted with a similar methodology in 
neighboring provinces as well as the country as a whole.11,12 
But it was much lower than in a study carried out using WHO 
STEPS in Indonesia, in which 54% of men and 27.6% of the 
total population were current daily smokers. The main differ-
ence in methodology was that the Indonesian study enrolled 
an age range of 15–74 years, but this may not adequately 
explain the different results. Another study in 1998 in Turkey, 
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which is a northern neighbor of Iran and has an approximately 
equal population, showed that 49.7% of men and 11.8% of 
women were daily smokers.10,13
Nearly one-third of the population in our study had a 
low level of physical activity, which was higher among 
women and higher age groups. Similar results were found 
in a nearby study, in east Azerbaijan.11 Those having higher 
activity also had lower BMI. Such an association is in line 
with previous studies.14–18
The obesity prevalence was 25.5%. Although the figure is 
a little higher than in neighboring provinces and than national 
figures, it lies in a range reported by other Iranian studies and 
in some developing countries. Similar to our findings, other 
studies have also shown that obesity is less common in early 
adulthood and advances faster among women.11,12,19–22
Mean BMI (Figure 1) increased with age in the first three 
decades of age among men, then, after a plateau, it contin-
ued to increase at a slower rate. For women the increase 
continued for a little longer, but then declined after 54 years 
of age. The trend in women may be explained by the effects 
of aging, such as lower intake of food, or declining uptake of 
nutrients due to gastrointestinal dysfunction or even changed 
metabolism. Another plausible mechanism may be the lower 
life span of obese people, reducing their chance of being 
included in the sample. But in men the late BMI increase, 
which is contrary to expectations, can be explained by the 
fact that men stay at home more when they get old. Here they 
have easier access to food and compensate for lack of the 
distraction of work by wandering around the house eating 
and/or drinking. Some similar results have been published 
previously.14,16,20,23
In this study 18% of people had at least mild hyperten-
sion, lower than a study conducted in east Azerbaijan.11 
In a national study in Iran the overall prevalence of systolic, 
diastolic as well as systolic or diastolic hypertension were 
4.2%, 5.4%, and 7.7%, respectively, with no significant 
sex difference.24 Mean SBP and DBP in our study were 
118.5 and 73.5 mmHg, respectively. In a study with similar 
methodology based on WHO STEPS conducted in three 
Asian and African countries, mean SBP varied from 117 to 
127 mmHg.25
BMI in our study was significantly correlated with SBP 
and DBP, which was consistent with the WHO STEPS study 
in Asian and African countries.25
Americans are known for their bad eating habits. 
 American adults are 24% more likely to be overweight/
obese and 59% more likely to be inactive in leisure time than 
Canadians.26 Interestingly, one study has found that obesity, 
overweight, and hypertension in Iran is as prevalent as in 
the US, but Iranian women are more obese than American 
women while a reverse pattern was found in males. This 
is also in line with our study, indicating that health policy 
makers should consider this gender discrepancy as a major 
issue to be addressed.27
Mean daily servings of both fruit and vegetables were 
both 1.1 in this study, which is reasonable compared with 
those in some other countries. Fruit and vegetable con-
sumption has always been an important scientific health 
 recommendation.28 Gaskin’s study showed that 62% ate two 
or fewer servings of fruits or vegetables daily.29 By secondary 
exploratory analysis we also found inter-correlations among 
the studied risk factors; for example, some eating habits and 
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physical activities were correlated with BP. Although these 
were in line with results of other studies,30–32 such associations 
need to be more specific, and detailed methodology need to 
be addressed. Newly developed statistical models that have 
been suggested for use in public health research could enable 
such complex associations of large numbers of variables to 
be explored.33–35
One methodological issue we encountered during the data 
collection phase was that in the WHO-based questionnaire 
assessing the number of days people eat vegetables and fruits, 
5 and 6 days seemed to be underestimated and 7 days seemed 
to be overestimated. We think this may not reflect reality, 
possibly because people may prefer to choose the highest 
score of a bounded scale if they feel their score is close to 
the upper boundary. This may affect the distribution of the 
scale of interest. However, to prevent biased test results we 
used nonparametric methods in such cases.
Our findings provide evidence for health policy-makers 
as well as municipalities about lifestyle problems in a  studied 
population. A burden of more diseases is expected if an  effective 
prevention strategy is not undertaken. Although even short-
term educational programs have been shown to be effective 
in improving lifestyle, a durable education strategy and cost-
saving policies supported by sustained mass media education 
and school-based educational programs can be the starting point 
for a possible national program on controlling NCDs.28,36–38
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